Project Objectives
The primary objectives of this project were to quantify current riparian shade levels on streams in and around the Damascus area expansion of the Portland, Oregon urban growth boundary (UGB) and to identify priority reaches for shade restoration. This information was provided to Clackamas River Basin Council (CRBC) 
Introduction
In recent years, the Portland, Oregon metropolitan region's rapid population growth has spurred local governments to expand the UGB surrounding Portland and adjacent suburbs and to pass directives guiding future development. The State of Oregon mandates that jurisdictions maintain a 20-year land supply to meet the needs of the projected population. As part of the largest expansion since its creation in 1980, over 12,000 acres (roughly 5,000 ha) in the Damascus area were added to Portland's UGB in Richardson Creek watersheds in the lower Clackamas River basin, will experience significant urban development in the coming decades.
Historically, development practices have done little to address negative effects to water quality resulting from the loss of riparian habitat (Naiman and Décamps 1997, Oregon Department of Environmental Quality (ODEQ) 2005) . In an effort to improve environmental sustainability in the region, Metro has created requirements for habitatfriendly development practices as part of its regional fish and wildlife habitat protection program (Title 13; Metro 2005a). These requirements, intended for implementation by city and county governments, include designating zones of restricted development in riparian areas and other sensitive environments essential to fish and wildlife (Metro 2005b ). The need to address water quality in the region has been elevated by ODEQ's release of the Willamette River basin Total Maximum Daily Load (TMDL), which identifies portions of the Clackamas River and its tributaries as exceeding acceptable limits for water temperature (ODEQ 2006) . It is important that any plans to bring the basin's streams and rivers into compliance with water temperature standards address riparian shade in the Damascus area.
Riparian shading, defined primarily as stream water shading by tree and shrub vegetation in riparian areas, is a critical factor in water temperature regulation (Quinn et al. 1992; Rutherford et al. 1997; Naiman et al. 2005) . Riparian vegetation affects stream temperature in a number of ways. It absorbs a portion of the incoming short-wave radiation, resulting in cooler water temperatures, particularly on hot summer days (Rutherford et al. 1997) . Riparian vegetation can also alter the air temperature, wind speed, and/or humidity in the micro-climate surrounding the stream, which in turn can affect evaporation, conduction, and ground and water temperature (e. Urban development encroaches on riparian areas, which can lead to reduction, disconnection, or elimination of riparian buffers (May et al. 1997; Booth and Jackson 1997; Ozawa and Yeakley in press) . When riparian zones are degraded they may cease to perform important ecosystem functions that, in addition to regulating stream temperature, include slowing and reducing runoff from impervious surfaces and the associated sediment, nutrients, and contaminants, providing large woody debris for structure and habitat, and providing energy input to the stream in the form of leaves and other organic matter (Naiman et al. 2005) . In one study of urban areas in Oregon, progressive planning and stringent regulations were demonstrated to be effective at decreasing, although not completely stopping, the rate of riparian habitat loss due to urbanization (Ozawa and Yeakley in press). 
Methods

Approach
To address the project objectives, existing riparian shade levels were characterized using existing remotely sensed data and GIS. Field-collected data were used to calibrate the analysis and evaluate the overall accuracy. Corrections to the GIS stream coverage were performed in conjunction with the riparian shade assessment and site visits were conducted when stream presence or location could not be determined from aerial photographs. Data from the riparian shade assessment and the field investigations were used to exclude highly shaded and intermittent reaches from the group of potential restoration sites. The remaining sites were broken into three classes based on their aspect (i.e. the direction of streamflow), an essential factor in determining the potential shade that could be provided by vegetation planted on the streambank. The riparian shade level and aspect classification were then used to rank the potential restoration reaches into five classes based on their restoration priority level.
Study Area
The study area for the GIS-based riparian shade assessment, shade restoration 
Riparian Shade Assessment
Aerial Photograph Interpretation
Calibration
The OWAM recommends field-verifying initial riparian vegetation estimates made by aerial photo interpretation. At the start of the riparian shade assessment, six sites in the study area were surveyed for this purpose. Due to access limitations, these survey sites were all located on public lands. A 50 meter reach was surveyed at each site. Instream measurements of canopy cover were collected using a spherical densiometer at five transects evenly spaced throughout the sample reach. At each transect, canopy cover was measured at six points (left bank, right bank, center upstream, center left, center downstream, and center right). These values were then averaged to generate a percent shade value for the sample reach, which was then compared to the percent shade range obtained using GIS. This was a valuable step in calibrating the aerial photo interpretation that followed.
Accuracy Evaluation
To evaluate the accuracy of the riparian shade assessment after it was completed, the GIS-based classifications were compared with a more extensive set of canopy what is shown by the GIS layer as a stream is clearly a pond), the stream layer was corrected based on the aerial photographs. In areas where stream presence or location was questionable based on examination of the aerial photographs, shade classes from Table 1 were still assigned, as was an additional notation identifying those reaches as needing further investigation. These streams were then visited during the field surveys (where access was permitted).
Stream Layer Corrections
GIS-based Corrections
Inaccuracies in the RLIS
Field Investigations
Streams in the GIS stream layer were visited when the stream's existence or exact location could not be verified based on the aerial photographs. A total of 18 sites were visited for this purpose ( Figure 3) ; however, due to access constraints, most of these visits occurred at road crossings. To ensure accurate navigation, the RLIS Lite stream line layer was loaded onto a Trimble GeoXT Global Positioning System (GPS) unit that was taken into the field. At each stream location in question, the presence or absence of a stream channel or water (in the stream channel or elsewhere) was recorded, as was any relevant information on possible diversions or other conditions that could be viewed from the point of access was noted. This information was documented in an associated GIS file.
Figure 3.
Stream Presence/Location Check Sites. These sites were visited to verify the existence or location of streams in the Damascus, Oregon area when the information could not be determined from aerial photographs.
Stream Aspect Calculation
Using GIS, stream reaches were broken into three classes based on their direction of flow (Figure 4 ). This method was designed based on the Whittaker Index adaptation used by Day and Monk (1974) . Class I represents streams with aspect values ranging from 82.5º to 142.5º and from 262.5º to 322.5º; riparian vegetation on these streams has the potential to generate the most shade with the greatest influence on stream temperature 
Identification of Priority Shade Restoration Areas
Three steps were used to select and prioritize stream reaches for shade restoration.
In each step, a portion of the streams were eliminated from the group of potential priority reaches. In the first step, stream reaches with greater than 70 percent shade (as determined in the riparian shade assessment) were eliminated. In the second step, stream segments that were dry during late August -early September site visits were excluded, as these reaches are assumed to be contributing little or no water during critical high water temperature months. In the third step, the remaining reaches were prioritized according to the combined weight of their shade and aspect classifications, as is shown in Table 2 . 
Results
Riparian Shade Assessment
Aerial Photograph Interpretation
The Riparian Shade Classification Map shows the results of the GIS shade analysis ( Figure 5 ). In general, it appears that the headwater reaches have less riparian shade than the downstream areas. Relative shade levels in Rock Creek and Richardson
Creek appear to be roughly equal ( Figure 6 ). Table 3 
Accuracy Evaluation
Of the 25 verification sites, 20 were correctly assessed (i.e. the field-measured value was within the shade class assigned in the GIS assessment). For the remaining five sites, the difference between the field-measured value and the GIS-based classification was generally quite small; the values ranged from 3 to 11 percent out of the Riparian Shade Class (e.g. a site measured at 67 percent canopy cover in the field and assigned a 
Stream Layer Corrections
Approximately 12 km of streams were corrected based on the aerial photographs.
The vast majority of these corrections consisted of removing non-existent headwater stream reaches, generally in areas of agricultural, residential, or commercial land use.
Additional corrections included adjusting stream locations (some streams have been rerouted around buildings or parking lots), and delineating ponds that were shown as streams in the original GIS layer. Another 3 km of streams were identified as potential inaccuracies in the stream layer, but the existence or location of these reaches could not be verified based on the aerial photographs. Information on these additional reaches was collected during the site visits and recorded in the associated GIS files.
Identification of Priority Shade Restoration Areas
Of the 60.5 km of streams included in the riparian shade analysis, 31.5 km (52%) of stream reaches had shade levels below 70 percent. From this 31.5 km, 6.8 km were excluded because they were determined to be intermittent. The remaining 24.7 km were assigned aspect class values and broken into five shade restoration priority ranks based on the combined weight of their shade and aspect classifications (Figure 7 ). Of these, a total of 4.1 km of stream reaches received the highest shade restoration priority rank.
These reaches have the lowest existing shade levels and the greatest potential for restoration of stream shading based on their aspect. These stream reaches occurred primarily in the first and second order streams; almost no Shade Restoration Priority Rank I reaches occurred along the main stems. Appendix B contains additional information on the priority restoration areas. Shade Priority Rank I are the highest priority for restoration activities, followed by II, III, IV, and V. Reaches that appear in blue were not considered candidates for restoration because they are presently shaded greater than 70 percent, are intermittent, or are piped.
Discussion
In general, the headwaters and upper stream reaches were found to be less shaded than those lower in the watersheds. This result is the reverse of what was expected.
Typically, headwater channels are smaller and located in steeper valleys than larger order streams, so the surface is more easily shaded by riparian vegetation and the steep slopes are not generally not conducive to land uses that would clear the riparian vegetation. As streams progress downstream and grow wider, it is increasingly difficult for the vegetation on the streambank to provide complete shade coverage, and the more gently sloping stream valleys open the land to other uses that may result in riparian deforestation (Gregory et al. 1991) . However, in this study area, due to the highly erodible nature of the soils (which originated as Missoula flood deposits), the land surrounding the headwaters is generally flat, and the stream valleys grow increasingly steeper downstream. Because of this, the land surrounding the reaches lower in the watersheds is generally less suitable for the agricultural, commercial, and residential land uses that often lead to riparian deforestation.
Of the 60.5 km of streams assessed in the riparian shade analysis, 4.1 km (6.8%) received the highest stream restoration priority rank, and the additional 20.6 km in the remaining four classes are also important areas to consider for restoration of stream shade. This stream shade priority ranking can be used as an important component of restoration planning and site selection; however, the ultimate selection of restoration sites will need to incorporate additional factors including wildlife habitat needs, land use plans, and landowner cooperation.
Due to the spatial scale and scope of this analysis, the shade preservation priority ranking method did not take into account the importance of riparian continuity in stream temperature. In their study of southern Ontario trout streams, Barton et al. (1985) found that the percent of forested stream bank 2.5 km upstream of a site could explain 56 percent of the variation in water temperature. They also determined that fine particulate concentration, water temperature, and water flow variability -all factors that are detrimental to the trout populations they were studying -were inversely related to the proportion of vegetated upstream riparian areas. Restoring riparian continuity may also be an important factor to consider in the ultimate selection of stream restoration sites.
Conclusion
This study quantified existing riparian shade levels, prioritized reaches for restoration of stream shade, and provided corrections for the GIS stream coverage for Clackamas River basin streams in the Damascus area UGB expansion. Generally, the headwaters were found to have less shade than the downstream areas and many of the headwater reaches were identified as the highest restoration priority. The results of the shade restoration priorities analysis can be used to guide restoration planning in the new urban area; however, it is important that additional factors such as riparian continuity, water quality, and land use be considered in the final selection of restoration sites. To protect riparian habitat and other natural resources, it is essential to have an accurate map of the existing resources, and the stream layer corrections and subsequent natural resource inventory will aid in achieving that. Overall, this project is one key component of the progressive planning that will be needed to protect natural areas in our increasingly urban environment. 
